Paraoxonase 1 (PON1) activity and von Willebrand factor (VWF) release are associated with lesion initiation in atherosclerosis. Diabetes can complicate coronary artery disease (CAD) due to the production of advanced glycation end products. This study evaluated PON1 activity and VWF levels in non-post-acute coronary syndrome, stable CAD (SCAD) patients without diabetes.
Background
Research into the novel cardiovascular risk factors that influence the high prevalence of coronary artery heart disease (CAD) has attracted considerable global attention. However, developing markers for the risk assessment of CAD has been historically complicated by a diagnosis of diabetes mellitus (DM), due to the production of advanced glycation end products (RAGE) in these patients, which then activate receptors contributing to the development of atherosclerosis [1, 2] . Although patients with DM are more susceptible to developing CAD [3] , the production of RAGE does account for all the clinical characteristics of CAD and does nothing to explain the mechanisms leading to the development of CAD in non-diabetic patients. Chronic stable angina is the most common manifestation of CAD [4] . However, except for those who have later become stable following acute coronary syndrome (ACS), most patients with SCAD remain in a stable (undiagnosed) condition for decades prior to the sudden onset of an acute myocardial infarction (MI), heart failure (HF), or death. Therefore, it is imperative that novel markers for non-diabetic SCAD are identified to be used in risk assessment, which could prevent such negative outcomes related to the persistence of undetected disease.
An atherosclerosis lesion may initiate when endothelial impairment occurs and peroxidized low-density lipoproteins (ox-LDL) accumulate [5] . The major function of human paraoxonase 1 (PON1) is to reduce accumulation of ox-LDL [6, 7] . PON1 is a 43 kDa enzyme that is produced by hepatocytes and is linked to high-density lipoprotein (HDL), principally HDL apolipoprotein A-I (ApoA1). Although the PON1 enzyme possesses at least 3 different activities, research into the origins of CAD mainly focuses on PON1 paraoxonase and arylesterase activity [8, 9] . Nevertheless, the relationship between PON1 activity (paraoxonase and arylesterase activity) and non-diabetic SCAD remains poorly understood. Von Willebrand factor (VWF) may be a signal of endothelial impairment because it can be released from endothelial cells to facilitate platelet adhesion and aggregation at sites of injury [10, 11] . VWF is released predominantly in response to a rise in cytosolic free calcium and cyclic adenosine monophosphate (cAMP) levels. cAMP levels are commonly regulated by stress hormones, such as epinephrine, and increased intracellular calcium (Ca2+) occurs in response to NO production [12] . However, far less is known about the levels of VWF in non-diabetic SCAD when acute stress factors are absent.
Since PON1 and VWF regulation shows a link between lesion initiation and the development of atherosclerosis, we hypothesized that PON1 and VWF may also be involved in the pathogenesis of non-diabetic SCAD. In this study, we set out to explore the PON1 activity and VWF levels in non-diabetic SCAD patients (post-ACS SCAD patients were excluded) and further evaluate the relation between these 2 factors. As the current methods for detection of PON1 arylesterase activity are unlikely to be used regularly in a clinical situation because they require ultraviolet detection, many standard clinical laboratories do not have the ability to incorporate UV detection into their chemistry systems [13] . We used a new method to measure PON1 arylesterase activity in a more traditional/ordinary chemistry system.
Material and Methods

Patients
We recruited 500 patients with chest pain from the Department of Cardiology in the Ninth People's Hospital affiliated with Shanghai Jiaotong University School of Medicine from January 2012 to October 2013. The diagnosis of SCAD was made using ESC guidelines [14] . All the patients were initially diagnosed with SCAD and had no medical history of ACS. The inclusion and exclusion criteria was as follows: (a) the patients included in this study denied history of diabetes and had normal serum albumin, alanine transaminase, creatine, fasting plasma glucose (FPG), 2-h postprandial glucose (PPG), HOMA-IR (insulin resistance index), and glycosylated hemoglobin to exclude their influence on PON1 metabolism. (b) The patients had a normal bleeding time (BT), prothrombin time (PT), activated coagulation time (APTT), and platelet counts to exclude abnormal coagulation systems. (c) To exclude their regulation of PON1 expression, the patients included in this study denied having taken statins and fenofibrates in the last month. (d) Patients were included if their C-reactive protein (CRP) was lower than 3.0 mg/L after at least 19 h of chest pain to exclude VWF release in acute stress factors. (e) Patients were selected if their cardiac troponin I (TNI) and N-Terminal probrain natriuretic peptides (NT-proBNP) were within the normal range (TNI < 0.06 ng/ml, Beckman Access AccuTnI 10% CV; NT-proBNP <300pg/ml). (f) All the patients selected were to receive coronary angiography (CAG) within 20 to 48 h after the onset of chest pain.
Finally, 180 patients were selected from 500 patients, and 130 patients were confirmed for the non-diabetic SCAD group, while 47 patients were CAG (-) and had no objective clinical evidence of CAD and diabetes, which were put into the control group (CAG (-) control group). We excluded 323 cases from this study: 146 diabetic patients, 3 patients with HOMA-IR higher than normal, 81 patients with impaired glucose tolerance, 28 patients with abnormal creatine or alanine transaminase, 43 patients with acute coronary syndrome within 24 h after the onset, 13 patients with abnormal BT or platelet counts, 5 patients had received statins or fenofibrates within the previous month, and 4 patients had higher CRP levels 19 h after onset. Another 50 age-and sex-matched subjects without any known health problems were enrolled as healthy controls (the HC control group). HC individuals were selected from subjects for health examination. The inclusion and exclusion criteria were similar to that of the non-diabetic SCAD and CAG (-) group except for absence of CAG and chest pain. The CAG (-) and HC control groups were combined to form the non-diabetic SCAD (-) group. The non-diabetic SCAD group was then stratified into single-vessel or multiple-vessel lesions according to the number of stenosed coronary arteries and mild (≤ 50%) or severe (50%-90%) luminal stenosis, according to the degree of luminal stenosis.
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Ninth People's Hospital Affiliated to Shanghai Jiaotong University School of Medicine, approval number 2012104.
Blood chemical analysis
Plasma and serum samples were carefully collected from patients' veins if they had remained stable with no clinical signs from 19 to 24 h after the onset of chest pain. Fasting venous blood samples were collected in citrated tubes for plasma samples. The serum and plasma samples were stored at -20°C and were assayed within 3 months.
Serum total cholesterol (TC), triglycerides (TG), low-and highdensity lipoprotein cholesterol (LDL-C and HDL-C), and apolipoprotein A-I (ApoA1) were measured with standard laboratory techniques using the ADVIA 2400 Chemistry System (Siemens Medical Solution Diagnostics, Inc, NY, USA) VWF antigen (VWF: Ag) was measured in plasma samples by enzyme-linked immunosorbent assay (ELISA) using polyclonal rabbit anti-human VWF antibodies and horseradish peroxidase (HRP)-conjugated anti-human VWF antibodies (DakoCytomation, Glostrop, Denmark) for capturing and tagging, respectively. The intra-assay coefficient of variation was 3.2% and the inter-assay coefficient of variation (CV) was 9.8%. PON1 paraoxonase activity was measured according to the method of Gan et al. [13] . Briefly, 8 μl of serum was added to a 100-μl reaction mixture containing paraoxon substrate solution (1 mmol/L), glycine-NaOH (pH 10.0) buffer, and CaCl2 (2.0 mmol/L). The rate of p-nitrophenol product generation [15] was determined at 410 nm using the ADVIA 2400 Chemistry System. PON1 arylesterase activity was measured using a modified method [13] with a new substrate (phenyl acetate derivative, donated by Jianhua Zhang, Department of Biochemistry, School of Medicine, Shanghai Jiaotong University) dissolved in dimethyl-sulfoxide. Three μl of serum was added to a 100-μl reaction mixture containing 1 mmol/L new substrate and TrisHCl buffer (pH 8.0). The rate of product generation of the nitrophenol derivative [15] was determined using a wavelength of 410 nm (ADVIA 2400 Chemistry System), and the molar absorption coefficient was 14314 mol/L/cm. The detection evaluation performance is shown in Supplemental Table 1 and Figure 1 .
We detected PON1 paraoxonase and PON 1 arylesterase activity according to the guidelines for evaluation of precision performance of clinical chemistry devices (NCCLS-EP5A) [16] . Briefly, we analyzed a sample 20 times a day during a period of 20 continuous days, and the CV was less than 5%. We also detected the CV of the ELISA kit for measuring VWF level with a method similar to PON1 paraoxonase and PON 1 arylesterase activities, except we analyzed the same sample during a period of 10 continuous days.
Statistical analysis
A comparison of continuous variables among groups was performed using one-way ANOVA (if homogeneity of variables was assumed) and non-parametric test (if variables were not homogenous). The differences between groups were determined by t-test or Manny-Whitney U test. Categorical variables were estimated with the use of the c 2 test. Multivariate logistic regression was used to model different variables in the study groups, including the CAG (-) and HC control groups and the non-diabetic SCAD group. Multivariate logistic regression was also used to model independent factors associated with the number and degree of stenosed coronary arteries among the non-diabetic SCAD patients. Selected variables that had p values less than 0.2 in the bivariate analyses were considered for inclusion in the regression model. The discriminative ability to identify members of the non-diabetic SCAD group with risk markers of HDL-C, PON1 paraoxonase, PON1 arylesterase, and VWF levels was verified using the area under the receiver operating curve (ROC). Pearson correlation analysis was done between PON1 activity and VWF level. Data were analyzed using SPSS, version 17.0 (IBM Corp, Armonk, NY, USA). The statistical significance level was set at 0.05 for all tests.
Results
Validation of the new method of PON1 arylesterase activity measurement
We established a modified method for measuring PON1 arylesterase activity with a new substrate, which could be detected at a wavelength of 410 nm using the ADVIA 2400 Chemistry System. The intra-and inter-assay coefficients of variation were below 5%, while the linear range and analytic sensitivity was CAG (-) group, n=47
Non-diabetic SCAD (-) group, n=97
Non-diabetic SCAD group, n=130
Gender n (%) Table 1 ). Correlation tests between our new method and the classical method were performed according to NCCLS-EP9A using patient serum; the square of the correlation coefficient reached 0.986 (Supplemental Figure 1) .
Low PON1 activity and high VWF levels in the SCAD group
The basic relevant clinical factors of the participants are shown in Table 1 . The patients in the non-diabetic SCAD and CAG (-) groups had a higher prevalence of cigarette smoking and a higher incidence of hypertension than the HC group. The level of VWF in the non-diabetic SCAD group (113±47) was significantly higher than in the HC group (91±17) and the CAG (-) group (87±20). There were no significant differences between the HC group and the CAG (-) control for lipid parameters, PON1 activity, and VWF level. Comparison of the non-diabetic SCAD group with the 2 control groups together (non-diabetic SCAD (-) group) showed significant differences between the groups for body mass index (BMI) at 21.3±2.1 and 20.3±1.5, respectively (P<0.001), and HDL-C at 1.15±0.33 and 1.34±0.34, respectively.
To explore the factors associated with SCAD, different independent variables that had p values less than 0.2 in bivariate analyses were considered in the logistic regression models. PON1 paraoxonase activity, PON1arylesterase activity, and VWF levels, as well as BMI and hypertension, showed significant associations with the outcome of SCAD and another 2 factors (TG and HDL-C) were excluded in the model (Table 2) . Odds ratio of PON1 paraoxonase activity and PON1 arylesterase activity was 0.991 and 0.981(OR<1), respectively, and the odds ratio of VWF was 2.854 (OR>1).
Improvement of SCAD prediction with association of PON1 paraoxonase activity, arylesterase activity, VWF level, and traditional coronary risk markers
We added HDL-C, HDL-C+ PON1 paraoxonase activity+PON1 arylesterase activity, HDL-C+PON1 paraoxonase activity+ PON1arylesterase activity+VWF for ROC curve analysis because HDL-C was a traditional risk marker for CAD. The area under the ROC curve (AUC) for the SCAD group ( Figure 1 and Table 3 ) prediction reached 0.671, 63% specificity, and 65% sensitivity when only HDL-C was used. However, the area expanded when PON1 paraoxonase activity and PON1 arylesterase activity were imported (AUC=0.803, 84% specificity, and 68% sensitivity). When adding VWF to ROC, AUC further expanded to 0.808, 93% specificity, and 62% sensitivity.
PON1 arylesterase activity
Intra-assay CV (% Supplemental Table 1 . Detection evaluation of PON1 arylesterase activity.
* Detection of intra-and inter-assay CV was performed according to NCCLS-EP5A and the maximum CV of control with different level was below 5%. ** Detection of the linear range was performed according to NCCLS-EP6A and was found to be first-order linear within the range. *** Detection of biologic limit of detection was performed according to NCCLS-EP17A.
Supplemental Figure 1 . The classical method of PON1 arylesterase activity is phenylacetate dissolved in methanol and Tris-HCl pH 8.0 reaction buffer. Correlation between these 2 methods was performed according to NCCLS-EP9A and the square of the correlation coefficient r2>0.95. We further tested whether decreased PON1 paraoxonase activity, arylesterase activity, and increased VWF levels promoted coronary atherosclerosis in non-diabetic SCAD patients. Table 4 shows variables that had significant differences between groups. PON1 arylesterase activity and VWF level were factors that were lower in severely stenosed coronary arteries. Independent variables that had p values less than 0.2 were considered in the logistic regression of the number and degree of stenosed coronary arteries. In multivariate analysis for severely stenosed coronary arteries as a dependent variable, only PON1 arylesterase activity and VWF levels showed significant associations with the severity of atherosclerosis. Table 5 shows the odds ratio of PON1 arylesterase activity and VWF were OR=0.940 and OR=6.863, respectively. The model of severity of atherosclerosis could account for 38% of patients in the SCAD group (Cox & Snell R2=0.380).
Correlation between VWF and PON1 activity
In the non-diabetic SCAD group, VWF was also slightly negatively correlated with PON1 paraoxonase (r=-0.217, P=0.013) and PON1 arylesterase activity (r=-0.327, P<0.001) (Figure 2) .
Discussion
This study demonstrated that non-diabetic SCAD patients have lower PON1 paraoxonase and PON1 arylesterase activity and higher VWF levels than control patients without SCAD. Specifically, lowered PON1 arylesterase activity and higher VWF levels were prevalent in the subgroup of patients with severely stenosed lesions. This was further confirmed by using a better logistic model for severely stenosed lesions, which indicated that PON1 arylesterase activity and VWF levels have a profound influence on the development of atherosclerosis in coronary arteries.
Other studies have shown that CAD patients have lower PON1 paraoxonase and arylesterase activity than patients serving as controls that become hospitalized with other unrelated diseases [17, 18] . However, the distinction of PON1 paraoxonase and arylesterase activity as a measure to predict the occurrence of severely-stenosed lesions was somewhat unexpected. In our study, we confirmed that PON1 arylesterase activity was associated with severely stenosed lesions of coronary arteries. In clinical studies, individuals with severe atherosclerosis were more prone to experience ACS (acute coronary syndrome) or MI. A study by Tang Table 3 . Receiver-operator characteristic (ROC) curve for the prediction of non-diabetic SCAD.
SCAD -stable coronary artery disease; HDL-C -high density lipoprotein cholesterol; PON1 -paraoxonase 1; VWF -von Willebrand factor, AUC -area under curve.
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arylesterase activity could have incremental prognostic value and allows for the clinical reclassification of stable subjects at risk for developing major adverse cardiovascular events such as death, myocardial infarction, and stroke [19] ; these findings support our conclusion.
Our study indicates that PON1 arylesterase activity is a valuable parameter for predicting severely stenosed coronary arteries in lesions in non-diabetic SCAD patients. Few ordinary chemical analytical systems can detect PON1 arylesterase activity because they lack the ability to detect and quantify UV wavelengths [13] . In our study, we explored a new phenyl acetate derivative for monitoring PON1 arylesterase activity, which could be detected at a wavelength of 410 nm and had an acceptable r2 value, in contrast to traditional methods.
Previous studies emphasized the importance of VWF in mediating platelet adhesion and thrombus formation, yet most of these studies focused on VWF in patients with acute coronary syndrome (ACS) [20, 21] . However, it is still unclear whether VWF levels directly determine the rate and severity of arterial thrombus formation or whether they merely reflect an alteration in endothelial function. Increases in VWF can occur as a response to local endothelial damage and/or through acute inflammation. According to studies of acute bacterial inflammation, circulating concentrations of VWF were strongly correlated with circulating values of C-reactive protein (CRP). Therefore, we selected non-diabetic SCAD patients with CRP levels below 3.0 mg/L after 19 h, which was selected as our time frame, based on the half-life of CRP. Although Lee et al. previously observed that SCAD patients had higher VWF levels 2427 than healthy controls [22] , to the best of our knowledge this is the first time that increased VWF levels have been associated with severe atherosclerosis in SCAD patients. We suggest that patients with severe atherosclerosis may have profound endothelial impairment, which is why VWF could be a good a marker for identifying severe atherosclerosis.
In recent years, improvement in the primary and secondary prevention of CAD has led to a considerable decrease in mortality [23] . However, severely stenosed lesions with more than 50% of the coronary arteries stenosed are in the secondary prevention stage, a situation that can unexpectedly and rapidly degrade, leading to complications, including MI and death. Therefore, SCAD patients need a rapid and effective method for risk stratification to allow for intervention before secondary prevention methods must be employed.
Our study strongly suggests that PON1 arylesterase activity and relative VWF levels could be excellent markers for SCAD risk stratification. In our study, this inverse relationship between PON1 paraoxonase/arylesterase activity and VWF levels was observed in all the patients, not just the non-diabetic SCAD group. Although the exact relationship between these 2 factors remains unknown, the following possibility should be considered. The regulation of VWF secretion in cultured endothelial cells is mainly dependent on cytosolic free calcium and cAMP. Calcium-raising agents can be inhibited by nitric oxide (NO) production [24] . HDL-associated PON1 activity leads to decreased ox-HDL and increased NO production through eNOS-activating pathways [25] . We anticipate that 2428 impaired HDL, with less protection of PON1 activity, inactivates the eNOS pathway, in turn inhibiting eNOS-dependent NO production, which then ultimately fails to inhibit VWF release. More HDL loses its function in patients with CAD, but less HDL-C is reduced [26] . Based on our results, we hypothesize that the relationship between VWF and HDL-C levels was decreased in the non-diabetic SCAD group, although the correlation between VWF and PON1 activity was more pronounced in the non-diabetic SCAD group. PON1 may have a role in inhibiting VWF release, but this requires more investigation.
This study has some limitations. The relatively small study population was necessary to exclude any of the complicating factors discussed above, but a larger study would add weight to the evidence presented here. This was a study in a Chinese population, so the results should be validated against other populations in case of differences due to racial background. Indeed, there have been studies that reveal the importance of singlenucleotide polymorphisms and genetic mutations on PON1 activity [7] ; therefore, potential differences in activity should be considered in future studies and the polymorphisms measured. We found the new substrate used in the PON1 activity measurements to be beneficial but this will become more accepted when other investigators have also validated the method.
Conclusions
In summary, we have established a new method to detect PON1 arylesterase activity in our laboratory system, which should be readily implementable to clinical investigation. We have also successfully evaluated PON1 paraoxonase and arylesterase activity in non-diabetic SCAD patients, finding that low PON1 paraoxonase and arylesterase activity occurs along with high VWF levels in patients with non-diabetic stable coronary artery disease. PON1 arylesterase activity and VWF levels prove to be promising metrics for predicting the occurrence of severely stenosed coronary arteries in non-diabetic SCAD patients of Chinese origin.
